Case Report Rapport de cas

Acute intraparenchymal spinal cord injury in a cat due to high-rise
syndrome

Robert Cruz—Arambulo, Stephanie Nykamp

Abstract — A 9-year-old spayed female Bengal Red cat was evaluated for high-rise syndrome. The cat had paraple-
gia of the hind limbs, intact reflexes and pain perception, and hyperesthesia in the caudal thoracic area. Mentation,
cranial nerve function, forelimb proprioceptive responses, and spinal reflexes were normal. There were no abnor-
malities on radiographs or computed tomography scan, but magnetic resonance imaging revealed a hyperintense
intraparenchymal spinal cord lesion on T2-weighted and T2 fat saturation images.

Résumé — Dommage aigu intraparenchymateux de la moelle épiniere chez un chat a cause du syndrome
des hauteurs. Une lésion intramédullaire hyperintense a été diagnostiquée chez une chatte stérilisée de 9 ans, de
race Bengale Rouge, évaluée pour défenestration. Lexamen neurologique a révélé une paraplégie, une douleur
profonde conservée et des réflexes spinaux normaux. Une hyperesthesie était présente dans la région thoracique
caudale. 'état mental, les nerfs craniens, les réflexes spinaux et la proprioception des 4 membres étaient intacts.
Aucune anomalie n’a été détectée sur les radiographies ou a 'examen par tomodensitométrie. La résonance
magnétique a joué un rdle primordial dans I'établissement du diagnostic du patient, en révélant la présence d’une

lésion intramédullaire sur les images pondérées en T2 et FSE (Fat Spin Eco).
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I ntraparenchymal spinal cord injury appearing hyperintense
on magnetic resonance imaging (MRI) has been reported in
dogs, cats, rabbits, and humans (1-11). Most cases of hyper-
intense intraparenchymal spinal cord lesions reported in dogs
have been associated with intervertebral disk herniation or
ischemic myelopathy. In dogs and cats, intraparenchymal spinal
cord hyperintensity has been reported to be associated with
fibrocartilaginous embolism, acute spinal cord infarction, and
intervertebral disk extrusion (1-10). A hyperintense spinal cord
lesion was diagnosed in a rabbit after a fall, with no evidence of
spinal cord compression despite the vertebral fracture seen on
radiography (11). Magnetic resonance imaging has played an
important role in providing an accurate diagnosis in patients
with blunt trauma, compressive myelopathy, and neoplasia (12).
In humans, the term spinal cord injury without radiographic
abnormalities (SCIWORA) was introduced in the medical lit-
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(Traduit par Dr. Alice Defarges)

erature in 1982, before the widespread use of MRI, to describe
cases with neurologic abnormalities following a traumatic event,
but with normal radiographs and computed tomography (CT)
scans (13). However, with the introduction of MRI, this term
has lost much of its validity, and a patient with spinal cord
injury should now only be diagnosed with SCIWORA if no
abnormalities are found on any radiologic investigation includ-
ing MRI (14).

In cats, the most common abnormalities reported due to
high-rise syndrome include fractured limbs (more commonly
hind limbs than forelimbs), thoracic trauma (pneumothorax
and pulmonary contusions), and abdominal trauma (15,16).
Most cats with acute spinal trauma have an associated vertebral
fracture, subluxation, luxation, and ischemia or disk extrusion
(17). To the authors’ knowledge, neurologic symptoms and
spinal cord trauma after high-rise syndrome are infrequently
reported. This case report describes the radiological picture
(plain radiography, CT, and MRI) of trauma to the spinal col-
umn and spinal cord in a cat with high-rise syndrome.

Case description

A 9-year-old spayed female Bengal Red cat was presented to
the Ontario Veterinary College Teaching Hospital (OVC-TH)
of the University of Guelph, for the evaluation of bilateral hind
limb paralysis after a 16-meter fall from a 6th storey balcony.
The cat was found lying on the grass. On presentation the
cat was quiet but responsive. The cat had luxated patellas and
hematuria of unknown origin. Neurological evaluation per-
formed on arrival at OVC-TH showed paraplegia of the hind
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Figure 1. Sagittal T2 fat saturation spin echo weighted MRI image of the lumbar spine of a cat after
high-rise syndrome. A focal well-defined hyperintense lesion is present in the spinal cord from the
caudal aspect of T12 to the level of T11.

limbs with intact spinal reflexes and proprioceptive response.
Hyperesthesia was identified in the caudal thoracic area. The
cat had normal mentation, cranial nerve function, and forelimb
proprioception. Deep pain was present in the right hind limb
and absent in the left. Urinary and fecal control was present.
The neuroanatomic location of the lesion was determined to
be at spinal level T3-L3. Radiography, MRI, and CT were
performed approximately 12 h after the accident, to evaluate
bone abnormalities, and spinal cord injuries.

Imaging findings

Radiography

Orthogonal radiographic projections of the thoracolumbar and
lumbar spine were obtained using a computerized radiography
system (Agfa CR System, Agfa HealthCare, Albuquerque,
New Mexico, USA). No radiographic abnormalities indicating
subluxation or fracture were detected on any of the radiographic
projections. Despite the absence of radiographic abnormali-
ties, additional views in flexion or extension positions were
not attempted, due to the risk of exacerbating the spinal cord
lesion. Instead, since the neurologic signs indicated a spinal cord
lesion, an MRI was performed immediately after the radiographs
were taken.

Magnetic resonance imaging findings

Magnetic resonance imaging evaluation of the thoracolumbar
vertebral column was carried out using a 1.5 Tesla superconduct-
ing magnet (General Electric Signa LX 1.5 Tesla MR HiSpeed
Plus System, GE Medical Systems, Milwaukee Wisconsin, USA).
Images acquired included T2-weighted fast spin echo images
in the sagittal, transverse, and dorsal planes; T2-weighted fat
saturation fast spin echo and gradient recall echo (GRE) images
(obtained in the transverse plane); T1-weighted fast spin echo
images before contrast administration; and T1-weighted fat
saturation images after contrast administration. The dorsal,
transverse, and sagittal images had slice thicknesses of 2 mm,
3 mm, and 2 mm, respectively.
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On the T2-weighted images, a focal hyperintense intramedul-
lary lesion was observed in the spinal cord extending from the
mid-body of T11 to the caudal end plate of T12 (spinal cord
segments T11-T12). The hyperintense lesion was more con-
spicuous on the fat-saturation T2-weighted images (Figure 1)
involving approximately 2.1 cm of the spinal cord. The hyper-
intense lesion involved approximately 50% of the cross-sectional
area of the spinal cord over 6 consecutive slices (Figures 2 A,
B, C). These images also showed hyperintense lesions in the
epaxial muscles from the cranial endplate of T10 to the caudal
endplate of T12 (Figures 2A and 2B), but the vertebral bodies
remained hypointense. The intervertebral disc at T11-T12
appeared normal, showing centrally located high signal intensity.
The intervertebral discs T12-13 and L4-5 showed decreased
signal intensity on T2-weighted images. Mild protrusion of the
intervertebral disc (type 2 disc disease) was noted at T12-T13
and L4-L5, but no spinal cord compression was identified on
transverse plane images (Figures 2 A, B, C). No abnormalities
were noted on GRE-weighted images, and no abnormal signal
intensities were observed in the bony structures.

These findings led to a diagnosis of acute traumatic hyper-
intense lesion caused by myelopathy. The spinal cord edema
extending from the caudal end plate of T12 to the mid-body of
T11 was a result of spinal column contusion. The hyperintense
lesion in the epaxial muscles, representing muscle edema, was
evidence of the traumatic event. Differential diagnosis of the
MRI findings includes spinal cord contusion due to high veloc-
ity, low volume intervertebral disc extrusion or hyperextension/
hyperflexion of the vertebral column, and ischemia due to
fibrocartilaginous embolism or vascular injury/spasm. The lack
of susceptibility artifact (low signal) on the T2* GRE sequences
indicated the absence of acute hemorrhage. There were no
changes in the medullary cavity of the vertebral bodies seen on
the MRI scan that could be related to the presence of fractures
or subluxation. However, the relatively large slice thickness
did not allow exclusion of a small non-displaced fracture; a
CT study was therefore carried out.
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Figure 2. Transverse T2 fat saturation spin echo weighted
image at T11 (A), T11-T12 (B), T12 (C). A hyperintense lesion
is observed in the spinal cord at the above-mentioned vertebral
column levels. A hyperintense lesion (arrows) is also observed in
the epaxial muscles on the left side in A, B, and C.

Computed tomography

A CT examination of the thoracolumbar spine was performed
using a 4-slice CT scanner (GE LightSpeed QX/I 4 Slice CT;
GE Medical Systems). Contiguous 1.25 mm-thick transverse
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plane images were acquired from T11-L3. Sagittal and dorsal
reconstructed images were also generated. No abnormalities
were noted within the bone structures that would indicate sub-
luxation, fracture, or extruded discs in the transverse, sagittal,
or dorsal plane images. The 3 spinal compartments were within
normal limits.

Based on the absence of osseous abnormalities in radiographs
or CT scans, and the hyperintense lesion in the spinal cord
found on MR, a diagnosis of acute spinal cord injury due to
high-rise syndrome was made. Radiographs were taken first, to
rule out obvious osseous abnormalities that might have been the
cause of spinal cord trauma. Stress views were not attempted due
to the risk of exacerbating intramedullary lesions, considering
the possibility of spinal column instability that was not identi-
fied on the radiographs. This led us to believe that an intrapa-
renchymal spinal cord lesion was the most likely abnormality;
MRI was chosen as the second imaging modality for a more
detailed evaluation of the spinal cord. Once the hyperintense
lesion was found on MRI, even though we did not see any evi-
dence of musculoskeletal lesions, a CT study was carried out to
exclude minor musculoskeletal abnormalities.

After imaging studies were done the cat recovered well from
anesthesia and was hospitalized for exercise restriction and pain
management. A urinary catheter was removed and the bladder
was easily expressed. Urine culture revealed the presence of
bacteria and antibiotic therapy was initiated. At the time of
discharge (7 d after admission) the patient was paraparetic with
purposeful movement in the pelvic limbs bilaterally that was
stronger on the right hind limb. The cat was able to urinate on
her own but occasionally needed to have her bladder expressed.

To the authors” knowledge, such a spinal cord injury after
high-rise syndrome has not been described before. The cat
was treated conservatively with exercise restriction (cage rest
for 2 wk followed by gradual re-introduction to exercise) and
pain medication (Tramadol 5 mg capsules; compounded at
OVC Pharmacy, University of Guelph), 1 capsule, PO, q12h,
as needed.

Clinical follow-up

Several rechecks at OVC-TH after the first presentation, and
phone conversations with the owner indicated slowly progres-
sive neurologic improvement. The final follow-up examination
at OVC-TH 3 mo after initial presentation demonstrated that
the patient was more stable when walking and showed attempts
to run. According to the last phone conversation with the own-
ers 5 mo after initial presentation the cat was free from obvious
signs of pain and was walking and running normally. The cat
had voluntary urination although sometimes the bladder needed
to be expressed manually.

Discussion

Acute spinal cord injury is a common condition in small ani-
mals, and the cause can be either traumatic or vascular (17).
Vertebral fractures and/or luxations as well as intervertebral
disc extrusion are frequent after direct trauma (17). Even in the
absence of radiographically evident fractures or luxations, the
patient may have spinal cord concussion due to direct trauma
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from hyperextension/hyperflexion or from high-velocity inter-
vertebral disk herniation (17). In the cat described here, the
hyperintensity observed on MRI was probably due to spinal
cord edema secondary to concussion or ischemia due to direct
trauma. This conclusion was drawn since the intervertebral disc
was normal in volume, no extradural material was present in
the vertebral canal, and no spinal column instability or fracture
was detected. Flexion or extension stress radiographs were not
taken in the present case, since minimal manipulation of the
spinal column is recommended in cases of suspected spinal
injury (17). It has been suggested that if there is no progression
of clinical signs 72 h after the injury, the probability of spinal
instability is lower (18).

When survey radiography in the trauma patient does not
show abnormalities, additional imaging methods such as
myelography, CT, CT-myelography, or MRI are recommended
to evaluate spinal cord swelling and extradural compression
(17,18). The value of MRI in the work-up of a patient with
spinal column trauma is widely accepted in human medicine
(19-21), but its role in spinal trauma has not been established
by a case control study in veterinary medicine. In the human
literature, MRI is said to be superior to CT in the investigation
of spinal cord injury, extradural lesions, and ligamentous inju-
ries; characterization of spinal fractures (acute versus chronic);
and diagnosis of multilevel injuries of the spine, as it provides
information on the character and extent of intramedullary
lesions (19-21). Therefore, suggested indications for perform-
ing MRI in patients with spinal trauma include the presence of
neurologic signs, the cause of which cannot be found on CT
or CT myelogram, a suspected spinal cord lesion, suspected
presence of an extradural hematoma, disc herniation that can-
not be detected on CT or CT myelogram, and the absence of
improvement or deterioration of clinical signs in the time after
the accident (20).

In cats, it has been determined that MRI may be an impor-
tant diagnostic tool when neurologic dysfunction is severe and
when prognosis needs to be defined (8). The role of MRI in the
evaluation of patients with spinal cord trauma is dual: the first is
to evaluate the extent of the trauma to the nervous tissues (spinal
cord, nerve roots). Human medicine has demonstrated a cor-
relation between the degree of severity of the spinal cord lesion
seen on MRI and neurologic dysfunction. Determination of
the approximate number of spinal cord segments involved also
facilitates the determination of prognosis in patients with spinal
cord trauma. In humans, it has been reported that the neuro-
logic condition tends to improve if the hyperintense pathology
is focal rather than extensive (20). This has been also reported
in a study of dogs with hyperintensities in the spinal cord fol-
lowing intervertebral disk extrusion (22). In the case reported
here, only approximately 2 segments were found to be affected
on the MRI, which might explain the successful recovery with
medical treatment.

The other important role of MRI in spinal column trauma is
to evaluate musculoskeletal and ligamentous lesions (21). This
will indicate the mechanism of injury and, more importantly,
suggest an approach for treatment planning and prognosis
(21). In the current patient, MRI demonstrated epaxial muscle
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edema, suggesting a traumatic event. The contrast resolution of
MR is superior to that of CT, and T2-weighted fat suppression
techniques nullify the signal from the fatty marrow cavity. This
allows easy detection of edema in the vertebra, which serves as
an indicator of bone trauma or acute injury. The most important
finding is high signal intensity changes in the bone marrow on
T2-weighted images, which are indicative of a subtle acute frac-
ture. Here, MRI did not suggest a fracture, based on the absence
of hyperintense signal within the bone marrow of the vertebral
bodies. However, the lack of case control studies in veterinary
medicine evaluating the role of MRI in spinal trauma led to the
decision to perform a CT to completely rule out the possibility
of vertebral fractures and/or subluxation. In veterinary medicine,
radiography, myelography, and CT-myelography seem to be the
first steps to evaluate patients with spinal column trauma (23).

High-rise syndrome is a term used to describe feline patients
with injuries inflicted by a fall from a building that is at least
2 storeys high. A case series reported that the most common
abnormalities due to high-rise syndrome include fractured limbs
and thoracic trauma, followed by pneumothorax and pulmonary
contusion (15). In the case reported here, there were no frac-
tures or thoracic trauma. Splenic rupture along with thoracic
and abdominal impalement in 3 cats secondary to high-rise
syndrome have been also reported (16). Other common lesions
include facial trauma, mandibular and maxillary fractures,
and the less common diaphragmatic hernia and rupture of the
urinary bladder (15). In a retrospective study on 30 cats with
thoracolumbar spinal cord injury due to trauma, 2 of the inju-
ries were reported to be secondary to a fall, but not specifically
associated with high-rise syndrome. These 2 cats were diagnosed
with spinal cord swelling on myelography. They recovered well
following medical treatment. (24).

A possible explanation for the type of injury that the cat sus-
tained (compared with fracture/subluxation) may be that cats
seem to have more spinal flexibility than other species (25). The
degree of mobility of the spinal column varies depending on the
part of the spine involved and the species. As in humans, the
cervical and cranial thoracic spinal columns in animals are more
mobile than the caudal thoracic spinal column (26).

Even though the dose of Tramadol used in this patient seems
to be slightly lower than the recommended dose for cats (27) it
was effective in keeping the patient free of pain during recov-
ery. The rationale for use of this dose was to minimize poten-
tial important side effects of Tramadol, which are respiratory
depression, bradycardia, urine retention, ileus, and decreased
temperature (28).

In conclusion, high-rise syndrome may be associated with
spinal cord trauma. Magnetic resonance imaging seems to play
an important role in the evaluation of patients with spinal
trauma when no fracture or subluxation is detected on radio-
graphs or CT; however, this should be further investigated in a
case-control series. Thus, the initial imaging diagnosis work-up
in patients with spinal column trauma would be plain radiog-
raphy, myelography, and CT-myelography, bearing in mind
that MRI may be necessary to more thoroughly investigate a
suspected spinal cord lesion when no abnormalities are found
on roentgenograms. v
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